Design: This is a retrospective analysis of anthropomorphic, PSG, and MSLT data of a large group of OSA patients who underwent a complete PSG evaluation in our sleep disorders unit. The patients were divided in two groups: the PP group, those patients who had a supine respiratory disturbance index (RDI) that was at least two times higher than the lateral RDI, and the NPP group, those patients in whom the RDI in the supine position was less than twice that in the lateral position. Subjects: From a group of 666 consecutive OSA patients whose conditions were diagnosed in our unit from September 1990 to February 1995, 574 patients met the following criteria and were included in the study: RDI>10; age>20 years, and body mass index (BMI)>20. Results: Of all 574 patients, 55.9% were found to be positional. No differences in height were observed but weight and BMI were significantly higher in the NPP group, these patients being on the average 6.5 kg heavier than those in the PP group. The PP group was, on average, 2 years younger than the NPP group. Nocturnal sleep quality was better preserved in the PP group. In this group, sleep efficiency and the percentages of deep sleep (stages 3 and 4) were significantly higher while the percentages of light sleep (stages 1 and 2) were significantly lower than in the NPP group. No differences for rapid eye movement (REM) sleep were found. In addition, wakefulness after sleep onset and the number of short arousals (<15 s) were significantly lower in the PP group. Apnea index and total RDI were significantly higher and the minimal arterial oxygen saturation in REM and non-REM sleep was significantly lower in the NPP. No differences in periodic limb movements data were found between the two groups. The average MSLT was significantly shorter in the NPP group. Univariate and multivariate stepwise logistic regression analysis showed that the most dominant variable that correlates with positional dependency in OSA patients is RDI, followed by BMI which also adds a significant contribution to the prediction of positional dependency. Age, although significant, adds only a minor improvement to the prediction of this positional dependency phenomenon. A severe, obese, and older OSA patient is significantly less likely to be positional than a mild-moderate, thin, and young OSA patient. In four obese OSA patients who lost weight, a much more pronounced reduction was seen in the lateral RDI than in the supine RDI, and three of these cases who were previously NPP became PP.
I
n patients with obstructive sleep apnea (OSA), the level of respiratory distress during sleep, as judged by the apnea/hypopnea index or respiratory disturbance index (RDI), is on average about 40 to 50% lower when they lie on their side than when they lie on their back (ie, in the supine position). [1] [2] [3] [4] [5] [6] [7] [8] [9] Cartwright 2 and Lloyd and Cartwright 4 defined "positional patients" (PP) as those OSA patients in whom the RDI was at least twice as high in the supine position as in the lateral position. In fact, the degree of severity of OSA in these patients is mostly related to the sleep time spent or not spent in the supine position. Those patients in whom the RDI in the supine position was less than twice that in the lateral position were called "nonpositional patients" (NPP).
The percentage of PP in OSA patients varies in different reports 2,4,10-14 from 9% 11 to 60%. 4 This variation is probably due to the small numbers and the different types of OSA patients studied. Some patients have succeeded in lowering their total RDI to normal by merely sleeping on their sides 2, 10, [14] [15] [16] [17] [18] [19] and it has been estimated that this type of therapy alone could be successful in treating about 50% of all OSA cases. 4, 20 Since OSA is present in about 9% of men and 4% of women in the middle-age population (by using a RDIՆ15), 21 the implications of such an approach are obvious. Little information exists about the relationship of positional dependency to the physical characteristics of the OSA patients, the quality of nocturnal sleep, and the level of daytime somnolence.
The aim of this report is to compare anthropomorphic, nocturnal polysomnographic (PSG), and multiple sleep latency test (MSLT) data between the PP and NPP group in 574 consecutive OSA patients whose conditions were diagnosed in our Sleep Disorders Unit.
Materials and Methods
All the patients were referred to the Sleep Disorders Unit at the Loewenstein Hospital-Rehabilitation Center because of snoring complaints and/or a suspicion of OSA from September 1990 to February 1995. During this period, 666 consecutive patients were diagnosed as having OSA (RDIϾ10). Of these, 574 patients who were older than 20 years, had a body mass index (BMI)Ͼ20, RDIϾ10, and slept more than 30 min in either the supine or the lateral position were included in the analysis. These patients were divided into PP and NPP according to the criterion of Cartwright. 2 For that purpose, in addition to the overall RDI, supine and lateral RDI values were calculated for each patient. The supine and lateral RDI data define to which group (PP or NPP) each patient belongs.
The patients arrived at the sleep unit around 8 pm and the PSG recordings usually began between 10 pm and midnight.
The PSG recordings were carried out using polygraphs (Nihon Kohden models 4321 and 4414; Tokyo, Japan) and included the following parameters: electro-oculogram (two to four channels); EEG (four to six channels); electromyogram of submental muscles (one to two channels); ECG (one channel); electromyogram of the anterior tibialis muscle of both legs (two channels); and airflow (with a nasal/oral thermistor; Nihon Kohden). chest and abdominal effort (two channels) was recorded using inductive plethysmography (Respitrace; Ambulatory Monitoring Inc; Ardsley, NY; or Resp-Ez breathing belts; Tel Aviv, Israel); arterial oxygen saturation (SaO 2 ) levels (one channel) by pulse oximetry (Ohmeda 37000e; Boulder, Colo) with a finger probe, and audio (one channel) by a microphone located above the patient's head at a distance of 1 m and connected to a sound level meter (Quest Electronics model 2700; Oconomowoc, Wis), were recorded. The output from the sound level meter was also recorded in parallel on a calibrated (40 to 80 dB) chart recorder at a paper speed of 10 cm/h.
The recordings were carried out at a paper speed of 10 mm/s and sleep stages were scored according to the standard criteria of Rechtschaffen and Kales. 22 The PSG technician who followed the patient's behavior through a closed-circuit 21-inch TV monitor marked the changes in body position in two places simultaneously, on the polygraph and on the chart recorder which registered the output of the pulse oximeter data.
The PSG technician was responsible for the monitoring of one or two sleeping patients. The two TV monitors were placed side by side to allow easy visualization of all patients' body movements. Since our unit is especially interested in the effect of body position on sleep-related breathing disturbances, our PSG technicians are encouraged to pay special attention to this issue.
Apnea was defined as an episode of a complete breathing cessation of Ն10 s. Hypopneas were considered as such if a partial breathing cessation (Ͼ20% reduction in oral/nasal airflow compared with the level of the previous five breaths) occurred, accompanied by a drop of SaO 2 of at least 3%.
Apnea index (AI) and RDI were calculated as the number of apneas per sleep hour and the number of apneasϩhypopneas per sleep hour, respectively. 23 Arousals were divided as shorter or longer than 15 s and were scored according to accepted definitions. 24 Periodic limb movements (PLM), PLM index (PLM I), and PLM arousal index (PLM AI) were scored and calculated according to Coleman. 25 PLM events associated with breathing abnormalities were not taken for the analysis.
The MSLT was carried out on the basis of published guidelines 26 and included four naps at 9am, 11am, 1pm, and 3pm on the day after the nocturnal PSG evaluation. The MSLT was performed in all patients who complained about daytime sleepiness. BMI is weight (kg)/height (m) 2 . In order to assess the effect of weight loss on positional dependency, four obese OSA patients (average BMIϭ33.6) who refused nasal continuous positive airway pressure (nCPAP) treatment had a PSG evaluation before and after they lost weight in a dietary weight reduction program.
Data Analysis
For the comparison of the different anthropomorphic, sleep, and breathing parameters between the PP and the NPP group, the data were analyzed using the two-sample Student t test and Bonferroni correction was used for multiple t tests. For the MSLT data, two-way analysis of variance (ANOVA) with repeated measurements was performed. To estimate how RDI, BMI, and age were related to the body position dependency, the statistical analysis was performed in two steps; first, a univariate analysis ( 2 test for categorical variables) was carried out, and subsequently a stepwise multivariate logistic regression analysis was performed to assess the simultaneous contribution of all three parameters on positional dependency. All statistical analyses were performed with a statistical software package (SPSS version 6.08; SPSS, Inc; Chicago).
Results
Of the 574 OSA patients, 321 (55.9%) were PP and the other 253 (44.1%) were NPP.
Anthropomorphic Data
The mean age difference between the two groups was 2 years and was significant (pϭ0.02), the PP group being younger than the NPP group ( Table 1) . The mean height was not significantly different in the two groups.
The BMI was significantly greater in the NPP group (pϭ0.001) and this was due to the significantly higher weight in this group (pϭ0.003); the average weight in this group was 6.5 kg more than in the PP group. Table 2 shows data on the comparison of various nocturnal sleep parameters in the two groups of patients. After Bonferroni correction, the significance level became pϭ0.003 instead of pϭ0.05.
Nocturnal PSG Data
No significant differences between both groups were seen for total recording time (TRT) (pϭ0.007). Nevertheless, total sleep time (TST) and sleep efficiency (S EFF) were significantly higher in the PP group (pϭ0.001) for both parameters. Sleep latencies (both to stage 1 and to persistent sleep) were not significantly different between the groups. REM sleep latency from onset of persistent sleep (REM LAT) and REM latency without intervening wake time (REM LAT w/o AW) were not significantly different between the groups (pϭ0.004 and pϭ0.057, respectively). The number of REM periods and the average length of REM periods were also not different between the groups (pϭ0.005 and pϭ0.110, respectively). However, the percentages of all non-REM sleep stages (out of TST) differed significantly in the two groups. The PP group had significantly lower percentages of the lighter sleep stages (stage 1, pϭ0.001, and stage 2, pϭ0.001) and higher percentages of deeper sleep (stages 3 and 4, pϭ0.001). For REM sleep percentages, no statistical differences were obtained (pϭ0.03). Also, the duration of wakefulness after sleep onset (WASO) and the number of long arousals (Ͼ15 s) were not significantly different between the two groups. However, the number of short arousals (Ͻ15 s) was significantly greater in the NPP group (pϭ0.001). Table 3 shows a comparison of breathing parameters in the two groups of patients. All these parameters (AI, RDI, Min SaO 2 -REM, Min SaO 2 -NREM) were significantly different (pϭ0.001) in the two groups. In the NPP group, all four parameters showed a greater degree of abnormality. Figure 1 shows an example of the SaO 2 and heart rate recordings during sleep in a typical PP. The differences in the frequency of SaO 2 desaturations and bradycardia/tachycardia episodes while sleeping on the back compared to the absence of these events while sleeping on the right side is clearly evident. Table 4 shows a comparison of PLM data in the two groups of patients. In the PP group, 115 patients (35.8%) had PLM as a secondary diagnosis compared to 79 (31.2%) of the NPP group. This difference was not statistically significant (pϭ0. 25) . No significant differences were found between the two groups, either in the total number of PLMs, the number of PLMs causing arousals, the PLM I, or in the PLM AI. 
MSLT Data
In the PP group, 194 patients (60.4%) had an MSLT compared to 175 patients (69.2%) of the NPP group (Table 5) . This difference was statistically significant (pϭ0.03). Two-way ANOVA analysis showed that the MSLT data difference between the two groups was of borderline significance (pϭ0.054). Nevertheless, the average sleep latency for all four naps was significantly shorter in the NPP group than in the PP group (pϭ0.01). In addition, it should be noted that for each of the four naps, the sleep latency was consistently longer in the PP than in the NPP group.
Effect of RDI on Positional Dependency
In order to estimate the influence of OSA severity, as expressed by RDI, on the positional dependency, the entire group of OSA patients was first divided into four different RDI categories (10 to 19.9, 20 to 29.9, 30 to 39.9, Ͼ40) and the prevalence of PP in each category was calculated. But before that, since the sleep time spent in the supine position is a major factor correlating with RDI, we evaluated the sleep time in the supine position for the four RDI categories in a random sample of 20 patients in each group. No significant differences for sleep time in the supine position were found among the four groups (pϭ0.35). The mean sleep time spent (minϮSD) in the supine position for the four RDI categories was 131.0Ϯ72.1, 165.4Ϯ95.8, 148.2Ϯ82.6, and 174.4Ϯ81.4 min, respectively. The PP prevalence remained high and fairly steady (between 65.1% and 69.0%) in the mild-moderate categories (RDI 10 to 19.9, 20 to 29.9, and 30 to 39.9), but showed a marked and significant reduction to 32.4% in the most severe category (RDIϾ40), ( 2 ϭ58.8, dfϭ3, pϭ0.001; Table 6 ). Although a positive trend toward an inverse relationship was obtained (Kendall test), this result suggests that rather than an overall inverse relationship with positional dependency, RDI showed a threshold effect on positional dependency with a significant decrease in the prevalence of PP in the most severe RDI category. A test for the identification of the threshold was carried out and the RDI threshold point that maximized the 2 test for the positional dependency was RDIϭ40. The entire group was then divided into a nonsevere category (RDIՅ40) and a severe category (RDIϾ40). In the nonsevere category, the PP prevalence was 66.6% compared with only 32.4% in the severe category ( 2 ϭ58.38, dfϭ1, pϭ0.0001; Fig 2) . Thus, an OSA patient with a severe RDI is less likely to be positional than an OSA patient with a mild to moderate RDI.
Effect of BMI on Positional Dependency
To estimate the correlation of BMI with positional dependency in OSA patients, the entire group was first divided into five different categories (20 to 24.9; 25 to 29.9; 30 to 34.9; 35 to 39.9; and Ն40) and the percentage of PP in each category was calculated. A steady, marked, and significant reduction was observed in the prevalence of PP with the increase in BMI in the five categories (70.5, 67.6, 46.3, 34.8, and 33.3%, respectively); 2 ϭ42.2, dfϭ4, pϭ0.001; Table 6). In addition, when the total group was divided into two categories, nonobese (BMIՅ30) and obese (BMIϾ30), the PP prevalence in the nonobese group was 68.0% compared to only 42.2% in the obese group ( 2 ϭ38.61, dfϭ1, pϭ0.0001; Fig 2) . Thus, BMI showed an inverse relationship to positional dependency and a nonobese OSA patient is more likely to be positional than an obese one.
Effect of Weight Loss on Positional Dependency
The data from four severely obese OSA patients who refused nCPAP treatment but successfully lost weight by changing their eating habits are summarized in Table 7 . All three NPP cases (patients 1 through 3) were converted into PP cases by weight loss. In all four cases, after weight reduction, the RDI fell to normal (RDIϽ10) while sleeping in the lateral position. However, the RDI still remained elevated after weight loss in all four while sleeping in the supine position, and in one case (case 3), the supine RDI actually increased despite the weight loss. The weight reduction was associated with a 91.1% reduction in the RDI in the lateral position but with only a 38.9% reduction in the supine Figure 2 . Effect of RDI, BMI and age on the prevalence of OSA positional patients (PP). The percent of PP is significantly higher in OSA patients with RDI Ͻ40, with BMI Ͻ30, and in OSA patients younger than 60 years old. Asterisk indicates pϭ0.0001; two asterisks, pϭ0.081. position. Thus, weight loss causes a much more striking improvement in the lateral RDI than in the supine RDI.
Effect of Age on Positional Dependency
To estimate the correlation of age with positional dependency in OSA patients, the entire group was first divided into three different age categories. The two youngest categories (age 20 to 39.9 years and 40 to 59.9 years) showed an equal prevalence of PP (59.2%), while in the 60ϩ group, the PP prevalence decreased to 48.6%. These differences were found to be only of borderline statistical significance ( 2 ϭ5.58, dfϭ2, pϭ0.06; Table 6 ). The entire group was then divided into a younger (ageՅ60 years) and older (ageϾ60 years) group. In the younger group, the prevalence of PP was 59.2% compared with 48.6% in the older one ( 2 ϭ5.58, dfϭ1, pϭ0.01; Fig  2) . Thus, age was a contributing factor of only borderline significance for positional dependency but older OSA patients were still less likely to be positional than younger ones.
Stepwise Multivariate Logistic Regression Analysis
To estimate the relative influence of each of these independent variables on the positional dependency, a stepwise multivariate logistic regression model was built and analysis was performed. Table 8 summarizes the results of this analysis. As can be seen, the variable that most significantly predicted positional dependency was RDI which had a greater improvement goodness of fit ( 2 ϭ58.38, dfϭ1, pϭ0.0001).
The second variable included into the model was BMI, also with an improvement goodness of fit ( 2 ϭ38.61, dfϭ1, pϭ0.0001). The last variable included into the model was age ( 2 ϭ5.58, dfϭ1, pϽ0.018).
Discussion
This study has shown that 55.9% of the 574 adult OSA patients whose conditions were diagnosed in our sleep unit have at least twice as many apneas/ hypopneas in the supine than in the lateral position. These PP were found to be younger and weigh less than the NPP. In addition, they had fewer and less severe breathing abnormalities than the NPP group. Consequently, their nocturnal sleep quality was better preserved and, according to MSLT data, they were less sleepy during daytime hours. This high prevalence of the positional dependency phenomenon found in our OSA patients is similar to that found by other investigators, 4,13,20 but our study is based on a much larger sample than those previous ones. This high percentage of PP underlines the major contribution played by body position during sleep on the occurrence and severity of OSA.
The most dominant variable that correlates with positional dependency in OSA patients is RDI, followed by BMI which also adds a significant contribution to the prediction of positional dependency. Age, although significant, adds only a minor improvement to the prediction of this positional dependency phenomenon.
PP were found to be younger than NPP. The difference in the mean age between the PP group and the NPP group was small (2 years) but significant. Support for this result was obtained when the entire OSA patient group was divided into two age categories. The prevalence of PP in the youngest category (ageՅ60 years) was found to be significantly higher (59.2%) than the 48.6% observed in the older group (ageϾ60 years), and when age was included in the multivariate stepwise regression analysis, it showed a small but still significant contribution to the prediction of positional dependency. These results differ from those of others. 13, 27 RDI showed a strong relationship to positional dependency. First of all, by the univariate analysis, it was found that the prevalence of PP in the severe OSA patients is significantly lower than that found in the mild to moderate OSA patients. Second, the multivariate analysis showed that RDI is the most dominant factor that could predict the positional dependency. Thus, by knowing the RDI of an OSA patient, the chances of predicting correctly if the patient is positional or not are quite high, and higher than if only the BMI is known and certainly if only age is known. We, as others, 28 found that most of the adult mild-moderate OSA patients are positional or, expressing this in another way, that most of the breathing abnormalities occur when they sleep in the supine position. Consequently, these OSA patients are the ones in whom positional therapy (avoiding the supine posture) should play an important role in their treatment. Some of them will eliminate all the breathing abnormalities merely by only avoiding the supine posture. On the contrary, patients with severe OSA are less likely to be positional. Their condition is so severe that they have breathing abnormalities in all different body postures. For them, nCPAP treatment is certainly the treatment of choice. If mild-moderate OSA patients are mainly PP, it could also mean that "positionality" is perhaps a characteristic of the natural development of the OSA entity, and as the severity increases (as occurs with increase in weight), the positional OSA patient may convert into a nonpositional one. The reverse appears also to be true and this was demonstrated in those obese OSA patients who after losing weight were converted from NPP into PP (Table 7) . With this reasoning in mind, it is also possible that alcohol intake and sleep deprivation could convert a PP into a NPP, but this has yet to be proven. A similar parallelism seems to exist in the natural development of snoring. The spouse/partner of a typical snorer patient often notes that initially the patient snored only when sleeping on the back but as the severity of the snoring increased (often related to a gain in weight), snoring is also present when sleeping on the sides.
Some authors 2, 5 have found that PP is weightdependent, being more common in the less obese. Others have found no differences in BMI between the PP and NPP group. 13 The anthropomorphic data in our study demonstrated a marked inverse relationship between the prevalence of PP and the degree of severity of obesity.
Whereas 68% of those with a BMI Յ30 were PP, this was the case for only 42.2% of those with a BMI Ͼ30. The finding in our study that NPP were on average 6.5 kg heavier than PP suggests that approx- imately this amount of weight would have to be lost to convert a NPP into a PP. These results also imply that in a population of OSA patients who are on average more obese than those seen by us, the prevalence of PP could be significantly less than that found in the present study. Lloyd 5 found that the degree of obesity correlates better with the RDI in the lateral position than in the supine position, suggesting that weight loss is more effective in improving breathing abnormalities in the lateral than in the supine position. In the four obese patients with severe OSA presented in Table 7 , we clearly verified this dominant relationship between weight loss and the improvement of breathing abnormalities during sleep in the lateral position compared to the supine position. It should be noted that all four patients achieved a normal RDI (Ͻ10) after weight reduction when they avoided the supine position.
The fact that the PP group had a higher sleep efficiency shows that they enjoy a better sleep quality than the NPP group. A better preserved sleep architecture in the PP group is also noted as judged by higher percentages of deep (stages 3 and 4) and lower percentages of light (stages 1 and 2) sleep stages. Two other important PSG features demonstrating the more disturbed sleep architecture in the NPP group were the increased number of short arousals (Ͻ15 s) and the increased time spent awake after sleep onset. The difference in the sleep architecture between the two groups is not surprising. Since PP had fewer and less severe breathing abnormalities as judged by the AI and RDI values and by the min SaO 2 values in both REM and NREM sleep, their sleep was less disturbed. Only one other study 13 in a smaller sample of patients also found similar differences in sleep architecture and severity of breathing abnormalities between the PP and NPP groups.
No differences in either the total number of limb movements or limb movements causing arousal or in the indexes per sleep hour of both parameters were observed between the two groups. This suggests that the difference in the number of short arousals (Ͻ15 s) between these two groups is mainly accounted for by the respiratory disturbances and not by the PLMs.
We found no information in the literature about daytime sleepiness in the PP group compared to the NPP group. The percentage of patients who had an MSLT was significantly higher in the NPP group. Since all patients were selected to carry out the MSLT based on the presence of complaints about daytime sleepiness before the nocturnal PSG was carried out (consequently before knowing if they belong to the PP or NPP group), and before the MSLT test was performed, this result shows that patients in the NPP group complained more frequently about daytime sleepiness than patients in the PP group. Although the two-way ANOVA for our MSLT data results in a borderline (pϭ0.054) significant difference between the two groups, for each of the naps, the differences were consistent. In addition, our MSLT data show that the NPP group had a significantly shorter average MSLT than the PP group. Thus, these data are consistent with the higher prevalence of the daytime sleepiness complaints in the NPP group and also show that patients of the NPP group are objectively sleepier than those in the PP group. These MSLT data also correlate with the nocturnal sleep data. The NPP group had higher RDI values and more severe breathing abnormalities, all of which cause a more disturbed sleep. Nevertheless, because the PP group had a longer TST than the NPP group, the differences obtained in the MSLT could be due to a combination of better sleep quality in addition to an increased TST in the PP group.
Cephalometric data have shown that many OSA patients have a narrower pharynx than non-OSA control subjects. [29] [30] [31] Adopting the supine position from the sitting position causes a further narrowing of all segments of the pharynx during the awake state in normal [32] [33] [34] as well as in OSA patients. 35, 36 This pharyngeal cross-sectional narrowing is probably due mainly to the effect of gravity, which increases the apposition of the soft palate, uvula, tongue, and epiglottis to the posterial pharyngeal wall. [32] [33] [34] [35] [36] This gravity effect also causes an increase in the tongue cross-sectional area, 33 uvular width, 36 and soft palate thickness, 33 which would also contribute to the reduced pharyngeal cross-sectional area. These anatomic changes, which occur in the upper airway (UA) by adopting the supine position, are followed by one major physiologic change: an increase in the UA resistance. The direct consequence of this is that breathing during sleep becomes more difficult, increasing the probability of the occurrence of episodes of partial UA obstruction (manifested as snoring and/or hypopneas) or complete UA obstruction (manifested as apneas).
Since our results demonstrate that the body position effect is more dominant in the mildest forms of OSA, we suggest that the recently described upper airway resistance syndrome (UARS), 37 which appears to be the mildest form of UA disturbance during sleep, occurring even in nonsnoring sleepy patients, may be caused mainly by sleeping in the supine position. If this is true, avoiding the supine position during sleep might be enough to prevent the increase of UA resistance, and as a consequence, avoid the need for nCPAP treatment, which has been shown to be associated with very poor compliance in these UARS patients. 38 Most important perhaps, at least for some patients, avoiding the supine position could prevent the gradual progression over time from partial to complete pharyngeal obstruction during sleep. This proposed relationship between UARS and the supine position needs to be evaluated.
One limitation of our study is that we studied the body position effect without taking into consideration the effect of head/neck position on the occurrence and severity of breathing abnormalities during sleep. Future studies should consider this aspect, which might also be of significance. Currently data on this point are limited and conflicting. 34, [39] [40] [41] Although several studies have already shown a marked improvement in breathing function by sleeping in the lateral position, 1-9 the anatomic and physiologic mechanisms responsible for this phenomenon have not yet been clarified. In normal awake subjects, Jan et al 34 recently showed that even though pharyngeal areas were smaller in the supine than in the sitting position, no differences were found between the lateral and supine postures. However, the anatomic and functional aspects of the pharynx change markedly during sleep. [29] [30] [31] 37, 42 Unfortunately, studies comparing the pharyngeal cross-sectional areas in the lateral vs supine position in normal subjects and especially in OSA patients during sleep are lacking and are urgently needed. Shepard and Thawley, 43 in OSA patients, studied the effect of body position and sleep stage on the regions over which the UA collapses. They found that in most patients, the site and extent of the UA collapse were similar in the supine and lateral position independent of the sleep stage. This suggests that although body position plays an important role in determining whether UA collapse occurs, when it does, the anatomic location and the extent of the collapse are similar in the supine and lateral position.
Two studies have examined the anatomic changes in the UA in a PP group and compared them to either unselected OSA patients 44 or to an NPP group. 45 Kovacevic-Ristanovic et al 44 found that the PP group had a significantly larger posterior airway space, a less elongated soft palate, and somewhat more prominent retrognathia than unselected OSA patients. Pevernagie and Shepard 45 have recently described for the first time the differences in the size and shape of the UA in the PP and NPP groups while subjects were awake. These differences were found mainly in the velopharyngeal segment of the UA (the retropalatal area) where the minimal cross-sectional area is normally located. The size of the UA was significantly different in the two groups; the minimal cross-sectional area of the PP group was almost twice that of the NPP group in both the supine and right lateral positions. The UA shapes of the two groups were also different-elliptical in the PP group and circular in the NPP group. The differences in shape were due predominantly to the significantly greater lateral diameter in the PP group, the anteroposterior (A-P) diameter being no different in the two groups.
The PP group, due in part to the gravity effect on the soft tissues, which reduces the A-P diameter significantly, 45 presents breathing abnormalities during sleep while adopting the supine position. These data also suggest that when the lateral position is adopted by these patients, the A-P diameter is increased, and the lateral walls are far enough apart that they will not come together and block the pharyngeal lumen. Thus, sufficient airway space is preserved to avoid a complete collapse of the UA. In the NPP group, however, the pharyngeal cross-sectional area is reduced to about half of that of the PP group due primarily to a much reduced lateral diameter, and changing to the lateral position cannot prevent the pharyngeal collapse. 45 Despite the high prevalence of positional dependency in OSA observed in this study and others, and despite the encouraging preliminary results of using positional therapy of Cartwright et al 15 many years ago, it is surprising how few investigations have been carried out on the therapeutic efficacy of avoiding the supine position during sleep in PP. Moreover, despite the standards of practice recommendation that require monitoring of body position in PSG studies, 46 it appears that only a few sleep disorders units are recording and analyzing their sleep-related breathing abnormalities data, including RDIs, by body position. In addition, how precise would be the estimation of the results of any surgical or other intervention procedure in OSA patients without taking into account the sleep time spent in the supine position in the pre-and post-PSG? An inexplicable worsening after surgery for OSA in a positional OSA patient could be simply due to the much longer sleep time spent in the supine position in the postintervention PSG, compared to that time in the presurgery PSG and not to a real failure of the surgery. The crucial issue is that in positional OSA patients, the severity of the disease is mainly related to the sleep time spent or not spent in the supine posture.
In some recent reviews on OSA, the role of positional therapy has not even been mentioned. 47, 48 One possible explanation is that many PP still continue to snore, and sometimes loudly, when they sleep in either the lateral or prone position. Consequently, their spouses continue to complain about snoring. Thus, even though in many cases this therapy may clearly produce a major improvement to the breathing function during sleep, the fact that snoring continues in the lateral or prone positions may limit the long-term effectiveness of this approach. Another possible explanation is that this positional therapy is not a radical solution for the most severe OSA patients who are the ones that urgently search for treatment. For these patients, nCPAP is at present the treatment of choice. Nevertheless, some of those obese patients with severe OSA who refuse nCPAP treatment adopt a sitting posture during sleep, achieving an improvement in their breathing function during sleep. This type of postural therapy has also been objectively shown to improve the breathing function during sleep in these patients. 49 In addition, if those patients lose enough weight to become PP, they can be successfully treated by positional therapy as was demonstrated in the four obese OSA patients in Table 7 .
We place a tennis ball into a pocket of a wide cloth band or belt attached around the abdomen so that the ball lies in the center of the back. When the patient rolls onto the back he feels the pressure of the ball and instinctively rolls back onto his side again. Several other methods have been used to train patients to avoid the supine position. Some may use a T-shirt with a long vertical pocket holding three or four tennis balls along the back. This is perhaps less likely to slip out of place during sleep. Cartwright et al 15 used an alarm system that momentarily woke the patients whenever they lay on their backs. The time spent in the supine position while using this alarm system decreased from 51.4 to 2.1% of TST. After the patient went home and practiced avoiding supine sleep without an alarm for 3 months, a repeat PSG evaluation, however, revealed that the actual sleep time spent in the supine position was 24.1%. Although some recent preliminary studies 50 have provided some data on the long-term efficacy of positional therapy, more studies investigating this issue are urgently needed. This is particularly the case because of the difficulties often experienced by OSA patients in complying with current therapeutic modalities such as nCPAP 51 and weight reduction, 52 and the uncertain results of surgical interventions 53 and prosthetic intraoral devices. 54 In a recent study 55 we investigated the effect of avoiding the supine position during sleep for a 1 month period on 24-h blood pressure (BP) in 13 positional OSA patients. In all the patients (hypertensive and normotensive patients) there was a reduction in the 24-h mean BP values. A significant reduction was observed for the mean 24-h, for the mean awake BP, and mean asleep BP. BP variability and BP load also fell significantly. Since, as shown in the present study, the majority of OSA patients have supine-related breathing abnormalities, and since about a third of all hypertensive patients have OSA, avoiding the supine position during sleep, if confirmed by future larger studies, could become a new nonpharmacological form of treatment for many hypertensive patients.
In conclusion, this study has shown, in a large population of OSA patients, that the majority (55.9%) were found to have at least twice as many apneas/hypopneas in the supine than in the lateral position. These PP are on the average younger and weigh less than NPP. They also had fewer and less severe breathing abnormalities than the NPP group. Consequently, their nocturnal sleep quality was better preserved and, according to MSLT data, they were less sleepy during daytime hours. The likelihood of being an OSA PP is correlated with RDI, BMI, and age, generally in a reverse relationship, ie, an OSA patient with a severe RDI, and who is obese and older than age 60 years, is significantly less likely to be positional than a OSA patient with a mildmoderate RDI, who is nonobese and younger than 60 years of age. The above data stress the profound effect of body position during sleep on the frequency and severity of breathing abnormalities in OSA patients. The data also reinforce the crucial necessity of not only monitoring body position during PSG evaluation of every suspected OSA patient, but also of reporting the severity of OSA (RDI) according to body position.
